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Water supply in ancient Carthage 
Andrew Wilson 


The study of an ancient city’s water supply presents a number of difficulties, and complete 
understanding is well-nigh impossible. There is often a lack of reliable topographical and 
chronological evidence that could establish connections between elements found in different 
parts of a city.! This is especially true of Carthage: the city’s sheer size, coupled with the lack 
of precision and detail in early excavation reports, are two of the main problems; and although 
in recent years the UNESCO Save Carthage project has made great strides in understanding 
the city’s history and topography (fig. 1), with it has come a realisation of the complexity of 
the stratigraphy and the fragility of earlier chronologies.* The picture is one of a highly 
complex process of urban development and change. It may therefore appear premature to 
attempt a survey of her water supply, but the effort seems necessary to correct some misconcep- 
tions which have in turn influenced wider views on aqueducts and the nature of Roman water 
supply. Study of the water supply of Carthage has been largely dominated by the monumental 
aqueduct from Zaghouan, and by the Antonine Baths, with the result that our view of this 
aqueduct’s réle within the total scheme of the city’s water supply has been distorted. The réle 
of the La Malga cisterns — the largest covered reservoirs in the Roman world — has been 
largely ignored, despite the evidence they provide for water storage on an unparalled scale 
before the construction of the Zaghouan aqueduct. 


This article attempts to gather some of the more important data relating to Carthage’s 
water supply — springs, wells, cisterns, aqueducts, and distribution network — in order to re- 
assess how it functioned. It does not pretend to be complete: reconstruction of infrastructure 
systems as complex as those of water supply is always hazardous where much of the ancient 
topography is unknown or lies under modern construction. Yet it is hoped that the study may 
provide a foundation for future research. 


Punic Carthage 


Punic Carthage had an important perennial spring (known as ‘la fontaine aux mille am- 
phores’, from the large quantity of amphorae found inside it when it was excavated), situated 
on the shore by the hill of Bordj Djedid. It rises in a natural grotto, and was developed with a 
catchment chamber dug into the rock and walled with ashlar masonry, to which in Roman 
times was added a vaulted entry passage and monumental exterior fagade.? Carton supposed 
that the spring would have attracted early settlement, and mentions evidence of early occu- 
pation on the shore in front of it — a layer of ash and cooking refuse, sealed by a layer contain- 
ing Punic lamps.* Unfortunately no precise dating was given. 


The German excavations on the seafront by the Avenue de la République showed that well- 
appointed residences of the 4th c. B.C. were originally supplied by wells, but that during the 
3rd c. most if not all the houses underwent a radical change in their water supply. This invol- 
ved the construction of underground cisterns with capacities of between 5.5 and 14.3 m3, which 


1 This paper has benefitted greatly from the comments of S. P. Ellis, F. Rakob, C. M. Wells and R. J. A. 
Wilson, to all of whom I am grateful for saving me from a number of mistakes. I am very grateful also to 
A. Ennabli, Conservateur en chef du site de Carthage, for his generous permission to study the cisterns 
and aqueduct at La Malga and to publish my interpretation of the site, as well as for all the assistance 
he gave me during my visit in October 1997. All opinions expressed in this article, and any remaining 
errors, are my own. 

2 Humphrey 1980. 

3 Carton 1919, 312-14; Carton 1920; Carton 1935, 76-80. 

4 Carton 1920, 262, 264. 
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Fig. 1. Plan of Roman Carthage showing the main known elements of the water-supply infrastructure 
1. Large La Malga cisterns. 2. Small La Malga cisterns. 3. Castellum excavated by Vernaz. 4. Castellum 
excavated by Ellis. 5. Aqueduct branch traced by Vernaz under decumanus III N. 6. Bordj Djedid cisterns. 


7. Antonine Baths. 8. Dar Saniat cisterns. 9. Turris Aquaria 
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collected rain run-off from roofs and courtyards by means of terracotta downspouts.° The cisterns 
were of the classic Punic ‘cigar-shaped’ type, long and narrow with rounded ends.® Their 
narrowness results from the use of slabs for roofing, either laid flat or pitched in pairs against 
each other; the narrowness was compensated for by considerable depth. The insertion of such 
cisterns in the houses found in the German excavations must have caused considerable domestic 
upheaval and expense, necessitating the removal of floors, the excavation of many cubic metres 
of spoil, partial demolition of external walls to allow introduction of large cover slabs, and the 
subsequent raising of floor levels. The wells formerly in use were converted to soak drains to 
receive overflow from the cisterns.” 


Ordinarily water from wells is preferable to water from cisterns, and at Carthage the 
water-table lies close to the surface and is of good quality, even close to the sea. The change to 
cisterns is not, therefore, to be explained simply by the inhabitants taking advantage of new 
waterproofing technologies to reduce dependence on a poor water-table; rather, the disruption 
involved suggests that the change was a necessary response to changing conditions in water sup- 
ply and population growth that rendered the wells insufficient. Possible explanations include 
a lowering of the water-table because of declining rainfall or through increasing abstraction by 
a growing population, or even because of contamination of the water-table by sewage and 
effluent, or a combination of several of these factors. On present evidence it is impossible to 
choose between these explanations, but as there is no firm evidence for increasing aridification 
in the climate of N Tunisia in the 3rd c. B.C. it would seem that the change from wells to cisterns 
occurred as a result of increasing human pressure on the hydrogeological environment. 


Cigar-shaped cisterns are also found on the south slopes of the Byrsa, again supplied from 
roofs or courtyards by terracotta, or in some cases lead, pipes.? Here dimensions range from 2.90 
to 5.20 m long by 0.90 to 1.25 m wide, with depths of 2.70-4.60 m.!° But while they are similar to 
the cisterns by the seafront, they are dated several decades later, and are apparently 
contemporary with the first occupation phases on this site, settled as the city expanded in the 
first half of the 2nd c. B.C. As drainage in this area was led into soak pits, it is unsurprising 
that here too cisterns were preferred to groundwater utilisation,’ although two Punic wells, of 
square cross-section, have also been found on the Byrsa (their date of construction is unknown).!? 


Besides the cigar-shaped cisterns, cisterns shaped like an upright carafe or bottle are occas- 
ionally found in Punic contexts. From Carthage two examples are known from the Byrsa and a 
third from a Punic house at Dar Saniat, all sealed by the destruction layer of 146 B.C.!° Another 
carafe-shaped cistern (of unknown date) has been discovered by the Canadian excavations; the 
house above it (not necessarily contemporary with the cistern’s construction) was destroyed in 
the 6th c. A.D.!* These cisterns were made by digging a shaft down until reaching rock suffi- 
ciently firm to bear the weight of the ground above as the chamber is widened out to create a 
reasonable storage volume. Essentially the same technique is employed on a larger scale in the 
Punic quarries of El Haouaria on Cap Bon." This relatively simple technique became common in 


5 Rakob 1979a, 24; Stanzl 1991, 213. 

6 On Punic cisterns generally, see Cintas, P. 1976, 134-35. 

4 Rakob 1979a, 24. 

8 F. Rakob, pers. comm. 

9 Lancel 1995, 169-71; Thuillier 1982, 82-83. 

10 Carrie and Sanviti 1979, 124 and n. 34. 

11 +Lancel and Morel 1992, 47. 

12. Saumagne 1982, 300-1. 

13 Lancel 1979, 77; Lancel 1982, 371 fig. 604; Renault, J. 1912a, 363. See also Vann 1981, 30-31. 

14 The cistern is c.7 m deep, and lies on the S side of decumanus VI between cardo II and cardo III (C. M. 
Wells, pers. comm.). 

15 lowe this point to R. J. A. Wilson. 
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the Greek world from the 4th c. B.C. (e.g., Athens,!© Olynthos,!” and Morgantina!®) and its 
occurrence at Carthage probably reflects cultural contacts with Sicily and Magna Graecia (as 
also do the Hellenistic bathtubs and bathroom fittings at Punic Kerkouane!’). Carafe-shaped 
cisterns were also used in the Roman world, but their distribution in North Africa (central and 
southern Tunisia along the coast and in the Tell, Tripolitania, and a few outlying examples in 
Syrtica and N Algeria”°) correlates in large part with the zone of former Punic influence, 
suggesting a technological continuity between the Punic and Roman periods. 


In addition to the evidence for cisterns and wells, there is tantalising evidence which may 
suggest a Punic aqueduct pipeline at Carthage. There are 8 terracotta pipes each bearing Punic 
graffiti interpreted as the word ‘conduit’ followed by a numeral. Unfortunately their findspot 
and context are not recorded.*! A parallel is the Punic pipeline reported from Nora (Sardin- 
ia). Although almost nothing is known about Punic aqueducts, contemporary Hellenistic cities 
had pipelines; given the other Hellenistic influences on Punic hydraulic technology, there 
would be nothing inherently improbable in a Punic aqueduct at Carthage. It could be further 
evidence that a growing urban population was requiring more water than local sources could 
provide. However, if such an aqueduct did exist, it did not serve any of the numerous private 
houses that have been excavated to date. Perhaps it served only public fountains, as in the 
Hellenistic world, though no examples of Punic fountains are known; alternatively the pipes 
may not have belonged to an aqueduct but have come from a localised rainwater catchment or 
drainage system. 


Private and public cisterns in Roman Carthage 


A prime concern of the builders of the Roman colony of Carthage appears to have been the 
discovery and re-use of Punic cisterns. In the area uncovered by the German excavators near the 
shore, walls and other traces of Punic constructions were systematically razed during the new 
building work of the Claudian period but the cisterns were put back into service wherever 
possible.*? Similar re-use appears to have occurred at other sites within Carthage; the double 
cistern beneath the House with the mosaic of the Greek Charioteers is clearly two Punic 
cisterns joined together in the Punic period and re-used in the Ist c. A.D. with the addition of a 
vaulted roof.*4 Saumagne (1982, 301) refers to the re-use of a Punic cistern on the Byrsa. 


New cisterns were also constructed, usually rectangular and barrel-vaulted, a technological 
advance enabling the creation of larger cisterns (one at Dermech [Michigan excavations] had a 
capacity of 75 m3). The same techniques also facilitated the construction of large public cis- 
terns. A great number of cisterns are visible among the houses on the Odeon hill and at Der- 
mech, and it is clear that at Roman Carthage, as in many other North African cities, domestic 
cisterns formed a major part of the water-supply strategy;*> as in the Punic period, rain run-off 
was preferred to groundwater. 


16 H.A. Thompson apud Stillwell 1933, 126-29. 

17. Robinson 1930, 56, 72, 100, 110; Robinson 1946, 118, 287-88 and pl. 101; Robinson and Graham 1938, 
307-9 and pl. 76.1. 

18 = Stillwell and Sjoqvist 1957, 157. 

19 For Punic bathrooms at Kerkouane see M. Fantar, Kerkouane, cité punique de Cap Bon (Tunisie) II (Tunis 
1985) 305-58, 363-89. 

20 Tunisia: Blanchet 1897; Maumené 1897; Carton 1903a; Carton 1903b, 141; Montalier 1903, 62-3; 
Gendre 1907; Ben Lazreg and Mattingly 1992; Slim 1990, 193-97. Syrtica: Reddé 1985, 178; Reddé 1988, 
74. Algeria: Gsell 1911, f.12, 42 (near Cartennae); f.16, 357 (SW of Sitifis). 

21. Berger 1911. 

22 Patroni 1904, pl. VI point K; cf. Cintas, P. 1976, 136-37. 

23 Rakob 1979a, 27; cf. Vann 1981, 37. 

24 Vann 1981, 6-10. 

25 Vann 1981. 
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In Carthage, as elsewhere, the large paved areas of public spaces and entertainment build- 
ings were sometimes used as impluvia for cisterns. On the Byrsa hill, too high to be fed by 
either of the aqueducts discussed below, run-off from a portico, temple courtyard and perhaps 
also parts of the library was collected in a large channel lined with opus signinum (and there- 
fore not a drain) and conveyed probably to a large cistern under the courtyard of the temple in 
the centre of the complex. Comparable arrangements for the collection and storage of run-off 
from public spaces existed at Bararus (the forum), Thugga (Temple of Saturn and the public 
building known as Dar el-Acheb), and Sabratha (Temple portico and courtyard in the South 
Forum), as well as in the forum at Pompeii.2” Such water could hardly have been used as 
drinking water, but it could have served other purposes. The use of different qualities of water 
for different purposes was commonplace in the ancient world.” 


Although in some towns, such as Bararus and Thugga,”? run-off from the orchestras and 
caveae of theatres supplied cisterns, there is no certain evidence for this at Carthage. The 
odeon had two cisterns (7 m deep) under its stage, but they probably collected water from the 
roof of the stage building rather than the orchestra.*° The theatre possessed two small cisterns 
(each 2.5 x 3.1 m, but of unknown depth) under the stage but there is no information on how they 
were supplied.*! It is unlikely that they were involved in flooding the orchestra for aquatic 
spectacles: they are too small and set too low, and, if Ros is right to argue that they were dis- 
used by the time the stage was paved in marble, they had fallen out of use before such aquatic 
events became popular. Nevertheless, Augustine, in a sermon preached in Carthage, does refer 
to such a show to be held on the following day: cras illi habent, ut audivimus, mare in theatro; 
nos habeamus portum in Christo. ‘Tomorrow they will have, so we have heard, a sea in the 
theatre; let us have our haven in Christ.’ (Enarr. in Ps. 80.23). Archaeological evidence for the 
provision of such spectacles in either the theatre or the odeon, however, is lacking. 


Two large sets of cisterns existed on Bordj Djedid hill (distinct from the much larger Bordj 
Djedid cisterns feeding the Antonine Baths, discussed below).3 One set was 13.40 m deep, the 
other 14.13 m deep; in both there were 12 chambers nearly 4 m square and communicating 
through narrow arches at the base (fig. 2). The proportions are unusual (leading Carton to the 
curious conclusion that they were Punic) but probably to be explained by the need for sufficient 
cross-bracing of the external walls to resist the pressure of the surrounding earth when water 
levels were low. Capacities would have been 2340 and 2160 m3 for each group respectively, 
assuming water depths of 13 and 12 m. Their source of supply is unknown; Carton assumed that 
they were fed by local run-off, which could be the case — the hill was artificially terraced for 
either a temple or the barracks of the First Urban Cohort? and the terrace could have 
provided an impluvium. Carton notes that the surface of the hill lies at the 35-36 m contour;34 
even assuming a water level in the cisterns a few metres below that, there could hardly have 


26 For the channel and monumental complex see Deneauve 1977, 62-64 and 61 fig. 7; for the cistern, 
Deneauve 1990, 152 fig. 10 no. 8 and p. 153. Opus signinum: personal observation. 

27 Bararus: Hallier 1987; Thugga: Carton 1896, 561-63; Sabratha: personal observation. Pompeii: 
Eschebach 1979, 74. 

28 Aristotle (Pol. 1330b): ‘In sensible states, if the supply is not of equal quality and there is not an 
abundance of these kinds of running waters, it is necessary to separate the water for drinking from that 
for other uses.’ 

29 Lachaux 1979, 41; Carton 1896, 563. The theatre at Delos provides a non-African example: Homolle 
1894, 166. 

30 Gauckler 1902, 387-99; C. M. Wells, pers. comm. 

31 Ros 1996, 471. 

32 Carton 1912. 

33 Gauckler 1904. For the suggestion of a temple, see Temple 1835, 107. 

34 Carton 1912, 564. 
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Fig. 2. Plan and sections of the smaller sets of cisterns at Bordj Djedid (Carton 1912, 562). 


been sufficient gradient to supply them from the channel of the Zaghouan aqueduct near La 
Malga, where the aqueduct conduit is at c.27 m asl (fig. 1). 


The cisterns of Dar Saniat 


A curious set of large cisterns was excavated early this century at Dar Saniat in the northern 
suburbs (near the modern Hotel Amilcar), and published in an unusually full but strangely 
neglected series of articles by J. Renault (fig. 1 no. 8).25 The cisterns were fed by an aqueduct 
whose course was traced for 30 m; further remains of an aqueduct were found upslope on the 
other side of a ravine. The cistern complex falls into two parts with different functions (fig. 3): 
a group of three settling tanks each 4.33 m deep, and two storage reservoirs each with two 
chambers. Total storage capacity (excluding the settling tanks) was 2780 m°. Water from the 
aqueduct entered the first settling tank, oblong with rounded ends; the overflow went partly 
into the first of the two reservoirs and partly into the second (circular) settling tank (fig. 4). 
This communicates with the third settling tank through a lead pipe placed half-way up; an 
overflow at the top of the third tank fed the second two-chamber reservoir. Water entering the 
second reservoir had therefore gone through a second settling process and was of higher quality 
than water in the first reservoir. At the SE end of the complex there projected a circular cham- 
ber, roofed with vaulting tubes and accessible from the outside by a spiral stair of 16 steps. This 
was the tap control chamber, traversed by 3 lead pipes, long since robbed (fig. 5). One pipe left 
each of the two reservoirs at floor level; a third left the second reservoir about 1 m above the 
floor and carried a third grade of water, free of any sediment that had managed to enter the 
second reservoir. These three pipes were presumably provided with stopcocks in the tap room, 
from which they departed in a tunnel, two set into the floor, the third in a groove in the ceiling 


35 Renault, J. 1912a; 1912b; 1912c; 1913b; cf. id. 1911; id. 1913a. 
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Section S-T 


© 5 10 15 20 20m 
a 


Fig. 3. Plan and sections of the cisterns at Dar Saniat (after Cagnat and Chapot 1916, vol. 1, 89 fig. 43 and 
Renault 1912b). A= primary settling tank; B and C = secondary settling tanks; D and E = reservoir 
of lower quality water; F and G = higher quality reservoir; H = tap chamber. 


(fig. 6). The different pipes carrying the different grades of water must have supplied different 
structures, with a distinction probably between water for drinking, for washing and bathing, 
and for gardens, pools and fountains. The walls of the tap room were covered in graffiti, which 
Renault interpreted as the scribblings of prisoners incarcerated there (for which there is no 
direct evidence); they could equally have been the jottings of bored waterworks staff.°° 


The cisterns and settling tanks were vaulted over, and lit and aerated by holes in the vaults 
covered with stone lattice grilles to allow the entry of rainwater falling on the extrados of the 
vaults but not of foreign bodies.?” Windows into the reservoirs from the area of the settling 
tanks allowed inspection of the water level. Surveillance galleries of a slightly different nat- 


36 Renault, J. 1912b, 475-85. 
37. Renault, J. 1912b, 488-89. 
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Fig. 4. The settling tanks of the Dar Saniat cisterns (Excavations at Carthage .. University of Michigan II pl. 
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Fig. 5 (left). Engraving of the tap control room of the Dar Saniat cisterns, showing the 3 pipes coming 
from the reservoirs, and graffiti on the wall above them. The base of the spiral access stair is visible on the 
left (Renault 1912b, 484 fig. 29). 

Fig. 6 (right). Dar Saniat cisterns: exit tunnel from the tap room, with grooves for two pipes in the floor 
and one in the roof (Renault 1912b, 482 fig. 26). 


ure but serving the same function are known from cisterns at Hippo Regius, Cirta (Constantine), 
and Stora (all in Algeria) (where they are carried on the tops of dividing walls) and at Bordj 
Djedid (fig. 11 below), Uthina, and Thuburbo Maius (where they run around the perimeter of 
the reservoirs).** Tap control rooms are also found in the Bordj Djedid cisterns and at Hippo 
Regius, Rusicade, Stora and Sicca Veneria (El Kef).? 


At some point it became necessary to supplement the aqueduct’s supply (whether owing to 
falling levels of groundwater or increased demand is unclear) by constructing an impluvium 
surface uphill (west) of the cisterns, from which water was led by two circular shafts into the 
settling tanks. Later still, in the late 4th or early 5th c. (linked by Renault to the Vandal 
conquest, though this must remain supposition), collapse of the vaults rendered the cisterns 
unusable, and a dam was built across the disused supply aqueduct, behind which surface run-off 
was collected. Water was filtered through a bank (2 m high) of shells and sherds heaped 
against the dam, and collected by a channel discharging into another, pre-existing aqueduct.1° 


The original construction date of the cisterns is unknown. No construction phase intervenes 
between the destruction of a Punic house on the site and the building of the cisterns. Renault's 
date of the 1st c. A.D. is speculation;*! architecturally the construction has similarities with 
the Bordj Djedid cisterns of the mid 2nd c., but that too is impressionistic. The source of the 
aqueduct feeding the cisterns is unknown. It appears too high to have been fed by the Zaghouan 
aqueduct (below); more probably it tapped a fairly local source of groundwater, whose abun- 
dance would explain the other aqueduct channels found in the vicinity — the channel aqueduct 
mentioned above, whose supply was later supplemented by the 4th- or 5th-c. dam, and Roman 
‘draining galleries’ collecting fresh groundwater down by the shore.*? Lastly, at Falbe’s point 


38 Gesell 1901 vol. I, 266, 268, 275; Babelon and Cagnat 1893, text to f. XXVIII; Ben Abed-Ben Khader 1987, 
plan 13. 

39 Gsell 1901 vol. I, 264-66, 273; Renault, H. 1903, 90-98. 

40 Renault, J. 1912a, 367. 

41 Renault, J. 1912a, 366. His 1st-c. dating is based on a mosaic found in the vicinity (now in the Louvre) 
showing slaves carrying food and equipment for a banquet, but while the building from which it came 
may have been supplied by the cisterns, the two need not be contemporary. Dunbabin 1978, 124 n.52 
dates the mosaic in question to the late 2nd or early 3rd c. 

42 Renault, J. 1912a, 351-53. 
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89, a few hundred metres north of Dar Saniat, is an underground channel or drain aligned with 
the rural cadastration (cf. p. 80 below).*% 


The Dar Saniat cisterns provided a reserve of water that could be accumulated or drawn off 
as needed and distributed in different qualities according to function. They may have served a 
residential suburb, although the area below the cisterns, between them and the shore (now 
largely occupied by the hotel), is fairly restricted — a triangle some 250 m long and 200 m broad 
at the base, enclosed by two spurs.*# Renault’s suggestion that the proconsul’s suburban palace 
was situated in this area, and that the cisterns served it, deserves serious consideration: first- 
ly, the area downslope of the cisterns formerly contained extensive traces of a luxurious villa or 
villas, with basins, pools and mosaics; a fine alabaster vase and the exquisite mosaic of 
banquet preparations, now in the Louvre, came from here. Secondly, literary evidence appears 
to locate the proconsul’s palace and the Ager Sexti, where St Cyprian was beheaded in 257, and 
the nearby Ager Macrobii, where he was buried, close to the shore, and Dar Saniat is the only 
likely location for this. Specifically, the Ager Macrobii is said to be near the sea and near the 
proconsul’s palace, on the via Mappaliensis, next to the pools (iuxta piscinas, which transla- 
tors have variously interpreted as either fishponds or cisterns).*° The Acts of Maximilian say 
that after Maximilian’s martyrdom his body was brought to Carthage for burial near 
Cyprian’s tomb, not far from the palace, at the foot of a hill. Victor of Vita (1.5.16) adds that 
two churches were dedicated to Cyprian, both outside the walls of 425, one at the spot of his 
martyrdom and the other at his tomb. One of these could be Delattre’s basilica near St 
Monique;** the other might be a building described by Renault at Falbe’s point 72. Both Augus- 
tine (Conf. 5.8) and Procopius (BV 1.21.18) confirm that a basilica of St Cyprian was located on 
the shore outside the town, and from Augustine it is clear that it was near an anchorage. The 
bay of Dar Saniat is the only good anchorage north of the walls before one reaches Sidi bou 
Said. The locations both of Cyprian’s martyrdom and of his burial, close to the palace, would 
seem to fit the general location of Dar Saniat, and Renault sees further support for the location 
of the proconsul’s palace in this area in the modern name Dar Saniat, ‘palace of the gardens’, 
which he regards as an Arabic survival of the memory of the palace. 


The cisterns of La Malga 


On the outskirts of ancient Carthage lies one of the largest known set of reservoir cisterns of 
the Roman world, at the hamlet now known as La Malga (fig. 1 no. 1). The complex consists of 
at least 15 vast parallel barrel-vaulted chambers in mortared rubble (fig. 7).47 No firm esti- 


43 Falbe 1833, 42. 

44 The Danish excavations at Falbe’s point 90, by the shore some distance to the south (fig. 1), discovered 
at least 3 channels feeding cisterns (Dietz 1979, 20-23, 34-35; 1992). The published plan (138-39) omits 
some channels mentioned in the text, but it appears that there may have been a network of supply 
channels. Whether these were fed by draining galleries tapping local groundwater, or from the Dar 
Saniat cisterns, cannot at present be determined. 

45 Acts of Cyprian; Augustine,Conf. 5.8.4. 

46 Frend 1977, 36-37. 

47 Fifteen are traceable today, but El Edrisi, writing in the 12th c., mentions 24 and Shaw, writing in the 
18th c., noted ‘more than twenty’ (Shaw, T. 1757, 81); it seems that the number of chambers may have 
been reduced by destruction over the centuries. Other writers (see Audollent 1901 for a convenient 
collection of early reports) also give the impression that formerly more chambers were visible than are 
now recognisable; even allowing for variations in the perspicacity of different observers, there is some 
indication of a progressive decline in the number of recognisable chambers. Stanley 1786 mentions 17 
chambers; Caronni 1805 vol. 2, 70 saw 20; Falbe 1833, 31 counted 15, and Temple 1835, 105-6 saw 13 
plus a transverse chamber but says there originally existed more. This view is supported by the course 
taken by the Zaghouan aqueduct, which postdates the cisterns; it makes a series of bends before and 
after the cisterns, but pursues a straight course along the edge of these cisterns and for a further 70 m or 
so beyond the surviving 15 chambers — just far enough to accommodate 9 missing chambers to bring the 
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1 - Large La Malga cisterns. 1.1 Transverse 
chamber of cisterns. 

2. - Parts of aqueduct. 2.1 - Zaghouan aqueduct. 
2.2 presumed course of aqueduct. 2.3 Castellum 
excavated by Vernaz. 2.4 Branch excavated by 
Vernaz. 2.5 Castellum excavated by Ellis. 

2.6 Inlet to cisterns. 

3 - Small La Malga cisterns. 

4 - Remains of a cistern later than aqueduct 2. 
5 - Branch supplying cistern 4 or possibly cis- 
tern 3. 

6 - Group of cisterns: 6.1 and 6.2 each have a 
settling basin at their N end. They are connected 
with aqueduct 2 by the channel 6.3. 6.4 is a 
channel feeding cisterns 6.5 and 6.6. 

7 - Remains connected with the aqueduct. 

7.1 - aqueduct; 7.2 and 7.3 - related structures. 
8 - Complex with walls and cisterns; possibly 
baths? 

9 - Aqueduct. 

10 - Group of 3 cisterns. 

11 - Tank and well; recently constructed but lower 
parts may be ancient. 

12 Hillock with traces of cisterns and isolated 
blocks. 

13 - Various cisterns. 

14 - Various blocks. (Verité regards Falbe’s point 
62, near here, as “canal derriére le grand aqueduc”, Oo 
but it is clear from Falbe’s text and map that his 

point 62 is simply the branch channel running ? 
past La Malga at this point, Verité’s aqueduct 2.) Ke 
15 - Wall. re 
16 - Fragments of columns in Chemtou marble. / 


Fig. 7. Plan of the La Malga area, showing cisterns, the aqueduct from Zaghouan, and other structures (after 
Verité, 1989, 42 fig. 1, with additions and amendments). 
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Fig. 8. Section through transverse cistern and main aqueduct in La Malga cistern complex (Verité 1989, fig. 3). 


1. Waterproof mortar. 2. Opus signinum. 3. Terracotta pipe. 4. Waterproof lining (opus signinum). 5. Sandstone 
blocks. 6. Earth supporting wall (late?); blocks mortared with earth. 7. Intrados of aqueduct arcade. 8. Intermittent traces 
of plaster. 9. End wall of the cisterns, knocked through to create greater living space when cisterns were re-used as 
habitations (personal observation; contra Verité 1989 fig. 3). 10. Current state of preservation makes it unclear where 
the longitudinal vaults originally ended. 11. Waterproof lining curving round onto end wall. 12. Transverse vault 
constructed on top of the longitudinal vaults. 


mates of capacity yet seem to have been made for the La Malga cisterns.*8 Excavations by A. 
Ennabli in one of the chambers had (by October 1997) revealed the crowns of two arches com- 
municating with the chambers either side, at a depth of some 2 m below the vault spring and 
2.80 m below the terracotta pipes draining water from the extrados of the cistern vaults. The 
dimensions of these arches (1.20 m wide) suggest that a further 2 m (or perhaps up to 3 m) 
remains to be excavated. Assuming a water depth of 4.5 m below the inlet, and using J. Verité’s 
figures for the other dimensions (15 chambers at 7.40 m wide and 102 m long),4? one arrives at a 
capacity of some 51,000 m3. The La Malga cisterns are therefore by far the largest covered 
reservoirs of the ancient world before the Byzantine period: the three next largest, all from 
North Africa, are Cirta (30,000 m3),5° Zama (28,000 m3),51 and Bordj Djedid (20,000 m3, 
sometimes erroneously said to be the largest in the ancient world52). Outside North Africa the 
Piscina Mirabilis at Bacoli (12,500 m3) and the cisterns in the Baths of Caracalla in Rome 
(11,500 m3) are among the largest.53 


total up to the 24 observed by El Edrisi. Against this view, however, is the lack of visible vaults above 
ground level, and lack of evidence of destroyed chambers, southwest of the surviving cisterns. Only 
excavation could resolve the question. 

48 L. Magne (1911, 4) estimated their capacity at 50,000 m’. Although he gave no dimensions on which this 
was based, the calculations below suggest this estimate is probably not too far off the mark. 

49 Verité 1989, 44. 

50 Gsell 1901 vol. I, 269. 

51 Drappier 1899, 147-48. 

52 E.g., Tolle-Kastenbein 1990, 127. 

53 Baths of Caracalla: Manderscheid and Garbrecht 1994, 122 and 266-67 n.497 with discussion of ear- 
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Verité identified several stages in the construction process of the cisterns, which he saw as 
falling into two main phases (fig. 8).>4 In the first phase, the walls of the longitudinal cham- 
bers (all apparently contemporary) were built up to the springing of the vault; the vaults were 
then added (the mortar join is very clear internally). At this level terracotta tubes placed 
every 5-6 m or so drained water from the extrados of the vaults (covered in opus signinum) into 
the interior. This indicates that, as was common practice, supply was supplemented by the 
collection of rain falling on the extrados of the vaults, although this could not have formed the 
main source of supply. After the longitudinal walls had been built, a transverse chamber (3.65 
m wide) was added whose vault rests upon the extrados of the longitudinal vaults. The walls 
closing the longitudinal vaults (fig. 8, no. 11) are built up to meet the intrados of the vaults, but 
this is normal construction practice (found also at the other ends of the chambers) and need not 
imply a significantly later date than the vaults. Nevertheless, the yellowish mortar of the 
end walls contrasts with the greyish mortar of the longitudinal walls, and the transverse vault 
seals the opus signinum lining of the extrados of the longitudinal vaults; both these facts speak 
for the construction of the transverse vault being a second phase, as does its profile, more 
pointed than that of the longitudinal vaults. The haunches of the transverse vault were 
subsequently reinforced by two phases of masonry buttressing, the first also sealing the opus 
signinum covering of the extrados of the longitudinal vaults. 


The Zaghouan aqueduct runs alongside the SE face of the cisterns but is clearly later than 
them; a narrow gap exists between the cisterns and the aqueduct, and the exterior wall of the 
cisterns here displays traces of plaster which show that it was exposed before the aqueduct 
was built; in addition the gap is so narrow that the plaster could not have been applied after 
the aqueduct’s construction. 


The fact that the cisterns pre-date the Zaghouan aqueduct raises some major questions: 
when were they built, and how were they supplied before the construction of the aqueduct (if, 
indeed, the aqueduct ever fed them at all)?5° The outside dates for the cisterns should be the 
foundation of the colony in 29 B.C. and the construction of the Zaghouan aqueduct, probably in 
the second quarter of the 2nd c. (see below). Several factors speak for a date earlier rather than 
later within this span: the use of greyish mortar (similar to that of the amphitheatre) rather 
than the yellowish-brown mortar more characteristic of the 2nd c. A.D.; the apparent lack of 
sophistication in design (absence of inspection galleries; lack of a transverse chamber in the 
initial phase); the relative infrequency of communicating arches between chambers, suggesting 
structural caution; and an apparent lack of concern to make fullest use of the height at which 
the inlet arrived (see below), suggesting that higher parts of the town may not yet have been 
fully built up. The cisterns’ alignment on the rural cadastration rather than the urban grid may 
indicate a date early in the colony’s history, or it may merely associate them with rural rather 
than urban space, as a result of their location on the outskirts of the city (fig. 1).°° Certainty 
must await further excavation; for the moment, any date between the Augustan period and the 
early 2nd c. seems possible, which serves to underline how little the architectural development 
of cistern complexes is understood. 


Until recently the source of supply for the La Malga cisterns has remained a puzzle. Verité 
believed that the cisterns might have been fed by a local spring to the south-west, but this 


lier erroneous estimates (up to 80,000 m*!). Piscina Mirabilis: Tolle-Kastenbein 1990, 126-27 (her fig- 
ures for the cisterns in the Baths of Caracalla and the Baths of Trajan are incorrect). 

54 The following discussion draws on Verité 1989, confirmed by my own observations in 1997. 

55 Verité (1989, 46) mentions terracotta pipes, later blocked, which might have communicated between the 
aqueduct channel and the extrados of the transverse chamber, but there is no proof that these delivered 
water to the inside of the cisterns. 

56 Rakob 1974, 44. 
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Fig. 9. The supply channel for the La Malga cisterns at the point where it crosses the line of the aqueduct 
from Zaghouan, looking N. The aqueduct (running from left to right in the picture) is clearly later than the 
inlet channel, incorporating in its vault mortar the cover slabs of the channel. Scale: 10 cm in cm units. 


would have been far too low to supply them and is nowhere near the line of the inlet.5” The 
underground aqueduct in the plain near La Soukra to the west of Carthage is also at too low an 
elevation to have fed Carthage.°® Rain falling on the impluvium created by the extrados of 
the vaults ran into the interior through terracotta pipes, but rain can never have filled the 
cisterns, acting rather to supplement a more substantial source. My investigation of the La 
Malga cisterns in October 1997 identified the inlet at the E corner of the cistern complex (fig. 7, 
point 2.6), where it had apparently been revealed by Verité’s sondage in 1979 but not remarked 
on by him.°? Here the Zaghouan aqueduct bends to follow the long side of the cistern complex 
and its line is crossed by a masonry channel of rectangular cross-section, lined with hard water- 
proof cement.® Three pieces of evidence show clearly that the channel pre-dates the Zaghou- 
an aqueduct. First, although the channel passes through the aqueduct in the upper half of the 
aqueduct’s cross-section, there is no sign of destruction of the aqueduct’s side walls by a founda- 
tion trench for the channel; rather, the aqueduct walls butt directly against the channel’s 
walls. Secondly, the mortared rubble of the aqueduct vault seals the channel’s cover slabs (fig. 
9). Thirdly, opus signinum lining on the interior of the aqueduct’s channel seals the stone slab 
forming the base of our channel (fig. 10). Therefore this channel is indisputably earlier than 
the aqueduct. Its alignment coincides with the SE wall of the transverse vault of the cistern 
complex. It should therefore be the inlet for either the first or the second phase of the cisterns, 


57 Verité 1989, 47. 

58 The aqueduct is described by Renault, J. 1912b, 471-75 and Fornacciari 1928. It seems to have been 
intended for rural irrigation in the plain to the west of Carthage. (I am grateful to F. Rakob for pointing 
out to me that this aqueduct could not have fed the La Malga cisterns.) 

59 Verité 1979, 19 merely says of this point (2.6) “parcours déterminé par sondage”. 

60 The channel is constructed in masonry and roofed with slabs of El Haouaria sandstone. Dimensions: 
channel 0.27-0.275 m wide internally by 0.49 m deep; walls 0.34-0.39 m thick. 
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Fig. 10. The supply channel for the La Malga cisterns where it crosses the aqueduct from Zaghouan, 


looking E. The channel is sealed by the vault mortar of the aqueduct, and opus signinum in the aqueduct 
channel curves round and seals the slab forming the channel base. Scale: 10 cm in cm units. 


or both. Its location might suggest that the transverse chamber was constructed as a settling 
tank to filter water entering the cisterns, an arrangement found elsewhere in North Africa, as 
at Tuccabor and Djebel M’rabba.® It is uncertain how far the supply channel extends to the 
north of the cisterns; it may have tapped groundwater in the rising ground to the north of the 
cisterns, a spur continuing the Odeon hill to the west.®* Alternatively, it may be connected with 
an underground channel (“un conduit ou égout”) noted by Falbe at his point 89 on the outskirts of 
Sidi bou Said, on exactly the same alignment some 2.2 km further to the NE;°? the topography 
would probably allow a largely underground aqueduct to extend from Sidi bou Said to La Malga 
(fig. 1). This may suggest that Carthage had an aqueduct of perhaps 2-3 km length before the 
construction of the Zaghouan aqueduct. Excavation alone could resolve the issue. 


The Zaghouan aqueduct 


At some date in the 2nd c., Carthage’s water supply was supplemented by the construction of 
one of the largest aqueducts of the ancient world. Running for 90 km from an elaborate spring 
nymphaeum at Zaghouan, its imposing arcaded structure strides across the plain of the Oued 
Miliane and the plain of Ariana in the approaches to Carthage, resembling, in the words of Sir 
Grenville Temple, “the bleached vertebrae of some enormous serpent”.® It is comparable in 


61 Drappier 1899, 136-38. 

62 If indeed there is an aquifer there; I have not been able to obtain geological information on this locality, 
but there are no evident signs of wells. 

63 Falbe 1833, 42. Falbe’s map seems to indicate the channel at point 89 extending for a distance of some 
220 m. 

64 The putative route of such a channel lies almost directly under the road from Sidi bou Said to La Malga. 

65 Temple 1835, 107. 
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length to the aqueduct of Cologne, but more ambitious in its engineering, with some 17 km on 
arcaded sections which maintain an elevation of up to 20 m across low-lying plains and include 
a bridge 33.65 m high and 125.78 m long over the Oued Miliane.® The interior dimensions of its 
specus are 0.86 m wide and 1.25-1.40 m high, and its daily delivery has been estimated at 
between 17,280 m? and 30,000 m3, with the latest research suggesting 25,000 m?.°” The channel is 
provided with inspection shafts at intervals, and small circular settling pits are sunk into its 
floor. Later, the aqueduct was extended by a branch to the spring at Zucchara (Ain Djouker) 
which, with two extra short feeder spurs, brought the total length of the conduit to 132 km. 


The aqueduct’s architecture and construction techniques have been studied in detail by F. 
Rakob in a series of articles. Two outstanding questions, however, are the aqueduct’s date and 
its relationship to the construction of the Antonine Baths. Rakob dates the construction of the 
nymphaeum complex at Zaghouan to the 160s, on the basis of its architectural decoration; the 
aqueduct must be earlier than the sanctuary, but by how much is unclear; in any case, the 
aqueduct must have taken many years, perhaps over a decade, to build.® It should have been 
complete no later than the opening of the Antonine Baths, started possibly by 146 and certainly 
by 159, and dedicated by 161/62.” It has often been assumed that the Zaghouan aqueduct is 
Hadrianic, a suggestion first proposed by Dureau de la Malle on the basis of several passages in 
the SHA life of Hadrian: a 5-year drought in Africa which ended with Hadrian’s visit, 
Hadrian’s general fondness for building aqueducts, and Carthage’s adoption of the name 
Hadrianopolis.”! Certainly the sheer scale and length of the aqueduct virtually demands an 
imperial benefactor, and the precise wording of the SHA is suggestive: 


[Hadrianus] et cum titulos in operibus non amaret, multas civitates Hadrianopolis appellavit, ut 
ipsam Karthaginem et Athenarum partem. Aquarum ductus etiam infinitos hoc nomine nuncupavit. 
(SHA, Had. 20) 
And since Hadrian did not like inscriptions on his buildings, he named many cities Hadrianopolis, 
as for instance Carthage itself and part of Athens. He even called countless aqueducts by this name. 


Possibly a link between aqueduct construction and Carthage’s adoption of the name Hadriano- 
polis is implied — Hadrian did build an aqueduct at Athens. Although the SHA is notoriously 
unreliable, it does provide circumstantial evidence. The story of Hadrian’s visit after a 5-year 
drought would provide a plausible context for the aqueduct’s construction if Carthage had until 
then been relying on cisterns to collect rain and on the La Malga cisterns, fed by ground-water 
whose level would have been liable to drop after a prolonged drought. Such an experience could 
well have prompted the safeguarding of supply by using the copious but remote water of the 
perennial spring at Zaghouan. Dureau de la Malle also suggested that the extension to Ain 


66 Rakob 1974, 47. 

67 Hodge 1992, 279; Slim 1992, 518. 

68 Rakob 1969a; 1969b; 1974; 1979b; 1983. 

69 Rakob 1974, 65-70; Wilson, R. J. A. 1996, 17-18. 

70 CIL 8 12513 appears to be the building inscription for the baths, and although usually dated to 146 
could in fact date from one of several years between 146 and 159 (Ben Abdallah 1986, 254-55 no. 9). 
The figure for Antoninus Pius’ tribunician power is missing, and in the space available the following 
numerals could be restored: VIIII, XIII, XVII, XXII, giving dates of 146, 151, 154 or 159 respectively 
(Cagnat 1887); Wilmanns (CIL ad loc.) notes that [X Imp II] could also be restored in this position, which 
would give a date of 148. A second inscription, AE 1949. 27 (A.D. 161/2), refers to the decoration of the 
baths, but it is not certain that this relates to the original construction project; it might be a secondary 
refurbishment or embellishment. On the other hand, if CIL 8 12513 dates to 159, then the gap of 2 or 3 
years between completion of the structure and dedication of the decoration would not be surprising. 
The latest writer on the Antonine Baths, F. Ferjaoui-Weber (1994, 38), suggests they were begun under 
Hadrian but gives no evidence (perhaps confusing this with the traditional dating of the aqueduct to 
Hadrian’s reign); in the following sentence she says that construction lasted 17 years (145-162), 
apparently accepting the usual epigraphic dating. 

71 Dureau de la Malle 1835, 136-39. Until his time the aqueduct had sometimes been considered Punic. 
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Djouker was Severan, on the evidence of coins of Septimius Severus (datable examples from 203 
and 204) showing Astarte mounted on a lioness running along a spring issuing from a rock, and 
bearing the legend indulgentia [or munificentia] Augg(ustorum) in Carthaginem.”* This suggests 
work on the aqueduct financed by a remission of taxes, and the extension to Ain Djouker would 
be the only likely candidate for such work. Yet more than 160 years after Dureau de la Malle 
wrote, we are little closer to establishing more closely the date either of the original aqueduct 
or its extension. 


The objection to a Hadrianic date for the initial construction of the long aqueduct has been 
that some scholars have preferred to see it and the Antonine Baths as part of a single construc- 
tion programme, with the baths as the chief reason for the aqueduct’s construction. For this 
there is no direct evidence: it is connected with the popular view that aqueducts were a monu- 
mental luxury designed to support a Romanised lifestyle of bathing and conspicuous consump- 
tion of water, and that their practical utility was limited.” Whilst there is much to commend 
the view that aqueducts played a vital réle as symbols of Romanisation and expressions of 
civic pride, their utility should not be under-estimated — indeed, it was one of the factors 
which made their symbolic réle so powerful. Although the Antonine Baths must have required 
extremely large quantities of water, the Zaghouan aqueduct can only be said to have created 
the conditions which enabled the baths to function (and even this may not be strictly true if we 
recall that the La Malga cisterns could have supplied them); the baths cannot on present 
evidence be said to have motivated the aqueduct’s construction. Even if begun by Hadrian the 
aqueduct may not have been finished during his reign. But an examination of the Zaghouan 
aqueduct, the Antonine Baths, and the cisterns of Bordj Djedid shows that the baths were by no 
means the prime destination of the aqueduct; certain aspects of its construction — notably the 
height of the arcades across the Ariana plain — were determined by a need to supply other 
structures. 


The Bordj Djedid cisterns, and the Antonine Baths 


The Antonine Baths were supplied by the large cisterns of Bordj Djedid (fig. 1 no. 6), which 
were restored to service by the French in 1888 and still serve parts of Carthage (though now 
inaccessible within the grounds of the presidential palace). These cisterns occupied an entire 
insula of the street grid and were formed of a battery of huge vaulted chambers, with sets of 
circular shafts at both ends (fig. 11), containing about 20,000 m3 with a depth of water of 7.23 
m.”4 A surveillance gallery ran around the upper level with inspection windows into the 
chambers. 


The outlet arrangements of the Bordj Djedid cisterns were similar to those of Dar Saniat but 
on a larger scale. In the SE corner of the complex was a circular chamber reached by a spiral 


72 Dureau de la Malle 1835, 139-40. Caronni 1805, 73-74 took these coins to be evidence for Severan 
construction of the whole aqueduct. Cf. Mattingly 1975, 208-9 nos. 279-82; 218 nos 333-38; 248n.; 332 
no 825 and n.; 334 no. 830; pls. 34.2-3, 35.11-14, 50.1-3. 

73 Leveau and Paillet 1976; Shaw, B. D. 1984; id. 1991; Schwartz 1981, and, most strongly, Hodge 1992, 6. 
Cf. Wilson, R. J. A. 1996, 16-18. 

74 Measurements are taken from the figures, plans and section drawings in Magne 1911. These indicate a 
maximum water depth of 7.23 m below a channel which, whether an inlet or an overflow, would have 
determined a maximum level (calculated from Magne’s data for floor and gallery levels, with inflow or 
overflow in chamber 3 given as 2 m below the gallery floor). Calculation from Magne’s figures for 
chamber dimensions gives a capacity of 19,880 m°, or 20,000 m? in round figures. Although Magne does 
not himself give a figure for the capacity of the cisterns in the Roman period, this calculation accords 
with his statement on p. 44 that the capacity in the Roman period was less than that obtained after 


restoration in the late 19th c., when by raising the level of the overflow the capacity was increased to 
25,200 m%. 
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Fig. 12. Bordj Djedid cisterns: detail of the tap room, with the position of the two outlet pipes. Scale 1:50. 
Compare the arrangements at Dar Saniat (fig. 3) (Magne 1911, 23 fig. 5). 


stair (fig. 12). At the bottom of the adjacent cistern chamber were the intakes for two lead 
pipes. One intake was set in a block of masonry with a bronze sheet around the opening of the 
pipe, grooved to take a mesh filter; the other intake was formed from a lead sheet mounted 
around the mouth of the second pipe and set into the wall (this and part of an exit pipe are now 
in the Bardo Museum).”> Both pipes passed through the wall into the circular chamber, from 


75  Vernaz 1887; du Coudray la Blanchére and Gauckler 1897, 125 no. 13. 
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which they left at floor level in an underground gallery. When the circular chamber was 
excavated in 1853, a bronze tap was apparently found in situ on one of the pipes, confirming the 
chamber’s function as a tap room.”® The outlet gallery is cut through the rock of the Bordj 
Djedid hill, heading towards the Antonine Baths, which at least one of the lead pipes must 
have fed, though not necessarily both. Overflow water ran to the street drains via a channel 
leading from the SW chamber, but this overflow was later suppressed.”” 


The cisterns are therefore intimately linked to the baths (despite an earlier belief that 
they were Punic’). During restoration in 1888 a brickstamp of Flavius Aper was found beneath 
the opus signinum floor lining.”? Aper seems to have been active from A.D. 140 to 160, with 
datable stamps of 151 and 157.8 No trace was found of a repair to the lining at this point, and 
an Antonine construction date for the cisterns as well as for the baths is logical. 


The Bordj Djedid cisterns must have been supplied by an aqueduct, although Carton thought 
that they were originally fed by run-off from the natural depression in which they sit®! — 
clearly impossible given the developed Roman city plan around them, although supply was 
supplemented by collecting rain that fell on the extrados of the vaults. It is likely that they 
were fed by a branch of the Zaghouan aqueduct but their source has still not been traced. In 1884 
Vernaz followed an underground aqueduct branch which diverged from the Zaghouan aqueduct 
channel just north of the La Malga cisterns (fig. 1 no. 5) and which seemed to be heading for 
Bordj Djedid, but he was not able to trace it as far as the cisterns. 


The urban distribution network 


Rather, the discoveries made by Vernaz shed some light on the complexity of the intra- 
urban distribution network. Shortly upstream of the La Malga cisterns were arrangements for 
the off-take of part of the Zaghouan aqueduct’s flow (fig. 7 point 2.3). In the main channel were 
two opposed openings in the side walls, followed by a series of holes in the E wall and then a 
sill across the main channel, formed by a slab pierced in its lower part. These appeared to be 
the remains of a system of sluices allowing regulation of distribution from the main channel 
into the branch which departed from the E side of the main aqueduct at right-angles. At the 
origin of the branch was a small chamber, its floor significantly lower than the main aque- 
duct’s channel, such that water entering it would have been subjected to considerable turbulence. 
Turbulence encourages the deposition of sinter, and there were heavy sinter deposits on the 
floor and walls of this chamber. The chamber’s N wall was pierced a few centimeters above 
the floor by 5 openings, for 3 lead and 2 terracotta pipes. They led into two masonry channels 
supplying neighbouring cisterns, and into 5 terracotta pipes parallel to the main aqueduct; 
their destination is unknown.®? 


The side branch was traced by Vernaz for a total of 788 m (fig. 1 no. 5). Beyond the distribu- 
tion chamber was another chamber, placed above the aqueduct branch and communicating with 
it through an opening in the vault. Roofed with vaulting tubes, it admitted water through 3 
openings in the walls; dirty deposits in the chamber and in the channel below show that this 
water was heavily earth-laden. Further on, a settling pit (0.65 m in diameter, 0.35 m deep) in 


76 The tap was said to have been taken to the ‘Musée de Vienne’, which probably meant Vienne in France 
but might mean Vienna (Magne 1911, 22-25; cf. Tissot 1884 vol. I, 598). 

77. Vernaz 1887, 26-27. 

78 Audollent 1901, 251-52; Magne 1911, 47-49; Carton 1911, 493-94; Carton 1935, 83. 

79  Delattre 1891, 54-55: ex pr. Flavi Apri opus | dolia larcio = CIL 15 1146, probably a rather than b. Contra 
Audollent 1901, 252, this stamp is not datable to 142; Delattre (1893b, 34-35; 1893a, 121) has confused 
Flavius Aper with Flavius Apricis. 

80 Righini 1975, 58-59; Setala 1977, 113. 

81 Carton 1911, 494; Carton 1935, 83-84. 

82 Vernaz 1887, 13-15. 
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the channel floor recalls those in the main channel of the Zaghouan aqueduct. Two secondary 
branches departed from the right-hand side of the channel. The first (0.50 m wide, 1 m high) 
was roofed with pitched slabs and led 4 m to an unexcavated chamber. The channel’s entrance 
was blocked by a sill 0.50 m high and pierced with 9 openings. The second branch was 9 m long, 
similar in construction to the first, but it was 2 m high and equipped with an inspection shaft. It 
did not open directly off the channel but communicated with it by a circular hole half-way up 
the side wall of the aqueduct, into which was fixed a lead pipe that ran the length of the 
branch to a cistern (originally Punic) whose floor was covered by a sheet of lead. This branch 
may therefore represent an earlier conduit re-used to lay the pipe. 


The aqueduct branch then continues for some distance before debouching into a vaulted 
chamber whose floor was roughly level with that of the aqueduct. Many nails set deeply into 
the walls suggest the presence of some kind of wall cladding or decoration. Access to the cham- 
ber was by means of a staircase divided in two by a central barrier, and the whole arrangement 
seems designed to allow water to be drawn from the chamber. The upper part of the chamber 
was not preserved, and it is unclear whether this was a public or a private point for drawing 
water. The former might be suspected if the central division of the staircase was an attempt to 
control the circulation of people. Such an underground point for drawing water would seem to re- 
present a solution to the problem of making water available in the higher regions of Carthage. 


Beyond this chamber the channel continued for some 100 m but close to ground level; it is ina 
poor state of preservation, and its trace was eventually lost. Its form in this section was pecu- 
liar: a wide barrel-vaulted gallery led from the chamber, divided into two compartments by a 
longitudinal wall which at its origin reached only to below the height of the vault. The left- 
hand compartment was closed by a transverse wall and did not communicate with the chamber; 
the right-hand compartment formed the continuation of the aqueduct but with reduced dimen- 
sions (0.5 x 0.5 m). Although the aqueduct’s width remained constant, the left-hand gallery 
progressively diminished in width with distance from the chamber and finally disappeared. 
At the same time, the vault, originally a full semi-circle, becomes increasingly flattened. 
Apparently the aqueduct must have been installed in a pre-existing gallery or drain running on 
almost but not quite the same alignment and with a greater slope, with the result that the 
shallower gradient of the new aqueduct gradually intersects the vault. Given the dimensions of 
the gallery and the fact that the channel is at this point running under the length of decumanus 
III N, the likelihood is that a street drain was being re-used, although this raises the question 
of what happened to the street’s drainage thereafter. Vernaz interpreted this section of the 
channel as an overflow from the drawing point, and concluded that the branch from La Malga 
under decumanus III N could not have fed the Bordj Djedid cisterns. Its main purpose, he 
thought, was to supply the point for drawing water. Around the Bordj Djedid cisterns them- 
selves, Vernaz was unable to locate the original supply channel, finding only two successive 
overflows and several street drains unconnected with the cisterns.8? However, he seems not to 
have excavated against the N side of the cisterns, which is where one would expect to find the 
inlet, as this is the end of the cisterns where the circular settling tanks were placed. 


However, Ellis has excavated a distribution arrangement shortly to the north of the branch 
followed by Vernaz, which has a better claim to being the start of the Bordj Djedid branch (fig. 
7, point 2.5). The aqueduct from Zaghouan enters a rectangular chamber on its NW side; from its 
SE side perhaps ran a now-destroyed channel, while from its SW side led off the channel that 
runs past the La Malga cisterns and feeds, inter alia, the branch under decumanus III N. Traces 
of some kind of gate or sluice on the La Malga channel indicate that it could be shut off. Ellis 
believed that the SE branch led to the cisterns of Bordj Djedid and was the major one, because it 
lay directly opposite the inlet to the castellum, while the La Malga branch left at right- 
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angles and at a level above the floor of the castellum.*4 If it could be shown that this channel 
did indeed lead to the Bordj Djedid cisterns as its prime destination, that would be of immense 
interest since, as the castellum is clearly integral to the original construction of the aqueduct, it 
would demonstrate the contemporaneity of the aqueduct, the Bordj Djedid cisterns, and the An- 
tonine Baths, and an intended connection between them. However, this outlet is not preserved 
and the course of its channel has not been traced. While it is possible that it led around the N 
side of the city and ran under decumanus VI N towards Bordj Djedid, it would have to have 
been deeply buried (tunnelled) up to 14 m below the surface; at such depths, it would have been 
easier to tunnel in a staight line towards the cisterns. Alternatively, a branch from decumanus 
III N or IV N could have swung off to the north by the theatre towards the cisterns,®> but 
Vernaz’s excavations suggest that the branch of decumanus III N did not supply the Bordj 
Djedid cisterns. 


Whatever the route of a branch supplying the Bordj Djedid cisterns, the evidence of other 
aqueduct branches in the city should lead us to suspect that that branch too would have had 
numerous side channels and derivations. It is premature to assert that the Bordj Djedid cisterns 
were the exclusive or even the prime destination of this channel. It is entirely possible that the 
distribution was regional: one branch intended to supply the urban regions of Carthage north 
and east of the Hill of Juno, while the La Malga branch fed areas south of the Byrsa, and 
Vernaz’s branch under decumanus III N supplied some regions between the two. The existence of 
other undiscovered branches, of progressively decreasing capacity, is to be suspected. Viewed in 
this light, Ellis’ suggestion of a series of distribution chambers successively subdividing flow is 
particularly attractive.%¢ 


Ellis saw his castellum as dividing the aqueduct’s flow into two, with the primary branch 
leaving from the SE side to serve Bordj Djedid. Only the SW (La Malga) outlet is preserved; 
the SE outlet is completely destroyed, and the NE wall too has been totally robbed, although 
Ellis believed that as it points away from the city no outlet existed on this side.8? However, 
the presumed SE outlet would actually point not towards Bordj Djedid but to the insulae 
between decumani III and IV N. As it would have been difficult to lay conduits under developed 
insulae, the channel would have had to change direction to run under a street. A branch going to 
Bordj Djedid could have left to the NE, running around the edge of the city, before tunnelling 
underneath decumanus V1 N to reach the N end of the Bordj Djedid cisterns. In my view, it is 
just as possible that there existed 3 outlets, to the SW, SE and NE, or 2, to SW and NE, rather 
than only 2 to the SW and SE. The state of preservation of the castellum does not allow us to 
decide. 


A further point relates to the control of flow. A recess in the castellum wall by the outlet to 
La Malga suggests that this branch could be closed by a sluice-gate or swing gate. Ellis notes 
that a swing gate does not allow fine control of flow, and suggested that the gate functioned 
simply to close off the La Malga channel in times of shortage or when the cisterns were full, 
thus establishing an absolute priority of the other outlet over the La Malga channel. Other 
interpretations, however, are possible; as the outlet of the other channel (or channels) does not 
survive, it is possible that it (or they) were also equipped with gates. Although Ellis is correct 
to point out that, if these were swing gates, flow on an individual channel could not easily 
have been finely tuned, the castellum could still have divided the flow in a number of ways: 
equally between channels with all gates open, or to one channel only with the other channel(s) 
shut.88 If there were three outlets, two could still have received water while the third was 
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shut. A more precise allocation of priorities could have been achieved with distribution by 
time periods, as is commonly attested on Roman urban and irrigation systems.®? The floor of the 
La Malga outlet is some 0.30 m above the floor of the castellum; if the putative Bordj Djedid 
outlet left from the level of the castellum floor, it would indeed have drawn more water than 
the La Malga channel. If, on the other hand, all outlets left at a level above the castellum 
floor, this would have helped equalise distribution between the branches if the sluice-gates 
were left open. 


The excavations of Vernaz and Ellis help set the Bordj Djedid cisterns in the wider context 
of the urban water network. Despite their size, those cisterns were not the only or even the 
major destination of the aqueduct and could have received only a fraction of its flow. The area 
of the German excavations near the shore was supplied by lead pipes.*° Private supply has 
also been found for the Maison de la Voliére.*! The Zaghouan aqueduct supplied the castellum 
divisorium at La Malga and its various derivations discovered by Vernaz, but it also supplied a 
smaller set of cross-vaulted cisterns at La Malga (capacity at least 1325 m*) and many other 
structures, including baths and cisterns in the La Malga region (fig. 7, nos 6.3. 7.1 and 7.2, being 
derivations leading to cisterns 6.1, 6.2 and 6.4). The main channel of the aqueduct continues from 
La Malga towards the amphitheatre and circus, in which traces of opus signinum on the euripus 
bear witness to pools.?* Beyond this it may have supplied the large cistern complexes (6,000 
and 7,000 m3) of the turris aquaria at Douar ech-Chott (fig. 1 no. 9), from which it seems that 
the suburbs near the Lake of Tunis drew their water. 


The turris aquaria and associated installations 


The nature of the turris aquaria itself is unclear. The name is taken from mediaeval accounts 
of the siege of Carthage by St Louis, which distinguish two fortifications, the turris aquaria 
named for its proximity to a group of cisterns, and the turris salinensis, by the salt pans. It 
should not be thought of necessarily as comparable with castella divisoria or water towers at 
Pompeii. It seems to have been a large structure oriented on the city plan but occupying parts of 
3 insulae. Around the 4 sides of a central massif were 4 large underground cisterns which inter- 
sected at their extremities; their combined capacity was some 7,000 m3. In late antiquity a set 
of baths was built near the SW corner, with a set of smaller cisterns apparently linked to those 
of the turris aquaria. Nearby is a bizarre and apparently unique arrangement of what is said to 
be a line of some 150 intercommunicating cisterns extending for 1.3 km. This seems to be the set of 
underground vaults marked by Falbe as point 102 (fig. 1). Each chamber measured 8.95 m x 1.72 
m x 2.70 m high and communicated with its neighbours through an opening with a pointed top, 
0.47 m wide and 2.35 m high. Total capacity was therefore of the order of 6,000 m*. The cham- 
bers examined by Saumagne lacked feed pipes, and the source of supply is unknown. Although 
the arrangement could represent a compartmented conduit rather than a set of cisterns, the 
gradient is perhaps insufficient. Certainly it could not be a draining gallery because the 
chambers were waterproofed. The cisterns are not aligned on either the urban or the rural grid. 
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One end of the line appears to relate to traces of a large building by the turris aquaria; the 
other abuts ruins at Falbe’s point 103 on the edge of the Lac de Tunis, so Saumagne suggested 
that the arrangement may have been connected with supplying ships in the port.?* 


The turris aquaria remains enigmatic, but it seems to have been a hydraulic complex supply- 
ing the southern districts of the city. Supply from the urban water network (whether fed orig- 
inally by the La Malga cisterns or the Zaghouan aqueduct) is probable.”4 


The urban water network, and in particular the parts of it supplied by the Zaghouan aque- 
duct, therefore supplied numerous establishments besides the Bordj Djedid cisterns and the 
Antonine Baths. The height of the arcades across the Ariana plain, bringing the aqueduct past 
the La Malga cisterns at an elevation of c.27 m asl, is not explicable solely by the need to feed 
the Bordj Djedid cisterns (whose inlet must have been at c.18.4 m asl);9° if they had been the 
primary goal, the arcades could have been built some 7 m lower and still have had sufficient 
gradient to reach Bordj Djedid, saving massive expense in construction and easing the problem 
of maintaining a very shallow gradient between Moghrane and La Malga. Much more likely is 
that the arcades were built as high as was feasible to ensure maximum distribution within the 
city. 


Supply to the higher regions of Carthage 


Water channels lined with opus signinum and covered with stone slabs (thus apparently not 
drains) have been located flowing east under decumanus VI N and north under cardo IV E at the 
intersection of these two streets. They relate to 5th-c. or later street surfaces and raise the ques- 
tion of how the water reached that part of the town. Although the elevations of the channels 
are not given, the street surfaces were at c.50 m asl, some 14 m higher than the aqueduct’s entry 
to the town.” A lead pipe has been discovered under cardo III E on the Odeon hill, again on 
high ground.” The Maison de la Voliére nearby must also have been supplied from an external 
source, given the scale of its nymphaeum; although elevations have not been published, it too 
may lie above the 35-m contour delimiting areas of the city that the Zaghouan aqueduct could 
have fed by gravity flow. Two possible explanations present themselves: either water was 
lifted artificially from an underground branch of the aqueduct to a distribution system on the 
Odeon hill;?® or the same source that fed the La Malga cisterns was able to feed other parts of 
the Odeon hill too. Possibly the subterranean chamber for drawing water discovered by Vernaz 
represents another solution to the problem of making water available in parts of the city where 
the surface was too high to be reached by aqueduct. 
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A model for urban water supply? 


It is sometimes noted that the aqueduct’s estimated discharge and the capacity of the Bordj 
Djedid cisterns are roughly equal (20,000 m%), and this is taken to show an intended link 
between the two.”? Hodge argues that the cisterns held at most a day and half’s discharge from 
the aqueduct and suggests that they were either used to supplement discharge when the 
aqueduct’s flow diminished, or were topped up overnight to meet daytime demands which 
exceeded supply during daylight hours.!° His calculations, however, ignore the fact that the 
Zaghouan aqueduct had to supply other structures as well; not all of its discharge can have 
flowed down the branch to Bordj Djedid. Assuming that the Bordj Djedid cisterns were fed by 
the Zaghouan aqueduct, their capacity of 20,000 m3 represents considerably more than a day 
and a half’s supply of the branch that fed them and implies a longer-term storage function. 
Under normal operating conditions, assuming that when the cisterns’ outflow was opened the 
amount of water delivered at the inlet was sufficient to keep the water level constant, to fill up 
the cisterns their outflow must have been shut off or at least regulated so that less water 
flowed out than was flowing in. Given that Roman taps do not seem to have been designed as 
valves for fine control but were either in the on or off position, regulation of outflow was not 
achieved by setting taps in a partly open position but by varying the length of time for which 
an outflow tap was open or closed. This implies that supply to the Antonine Baths was shut off 
while the cisterns were filled up. It therefore seems to me most likely that private users, public 
fountains, and baths were supplied during the day, and that during the night water was 
impounded in the reservoirs. At this rate the reservoirs could have taken several days, 
perhaps even a week or two, to fill. Those reserves of water could then be drawn down in times 
of shortage or when inflow was diminished below the normal outflow rate or interrupted. This 
could have included the possibility of using such reservoirs to provide continued service for 
parts of the city during hours when their supply branch had been shut off, if the suggestion of 
regional distribution by time allocation made in relation to the castellum near La Malga is 
correct. The period of time for which such reservoirs could function as a reserve would depend on 
whether inflow had merely diminished below normal rates, or had been stopped completely, 
but a full reservoir ought to have been able to provide several days’ reserve given that the 
capacity equalled several days’ delivery through the supply branch, and this period could 
have been prolonged if during such times of shortage outflow was restricted to a shorter period 
per day than normal. Probably one of the reservoir’s main uses was during the dry season, when 
aqueduct flow could be expected to drop and demand increase as domestic cisterns dried up. A 
seasonal storage pattern for such reservoirs may also be implied by the fact that large storage 
reservoirs of this type are generally found on aqueducts in the more arid regions of the empire 
(Spain, Italy, Crete, as well as North Africa) but not in wetter areas such as N Europe. 


This model envisages active control and manipulation of the water supply by personnel at 
reservoirs and at certain branch points, distributing and redirecting water now into main 
channels, now into branch channels, and now into storage reservoirs. We have seen that there is 
good evidence for tap control rooms and surveillance galleries in North African storage reser- 
voirs. An inscription from Ptolemais refers to valvas apparently in connection with an aque- 
duct,!®1 a castellum divisorium from Thuburbo Minus allowed control of water distribution via 3 
different outlets with variable settings for their sluice-gates, and one of the nymphaea at 
Cherchel seems to have acted as a distribution point equipped with sluice gates that created a 
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variable water-level.!°* The distribution castellum found by S. Ellis north of La Malga was 
equipped with a swing gate on at least one of its outlets and almost certainly on the other(s). 
Generally, sluice-gates seem to have been used in open flow channels and in distribution cas- 
tella, while taps and stopcocks were used at the exits of reservoirs and on pipelines. The pipe 
to the fountain ‘utere felix’ at Carthage was controlled by a bronze stopcock. The evidence 
for taps, stopcocks and other control devices is widespread in North Africa and elsewhere.! 
Frontinus, speaking of the public and imperial slaves owned by the water-board at Rome, 
makes it clear that there were castellarii to operate the reservoirs at Rome: 
utraque autem familia in aliquot ministeriorum species diducitur, vilicos, castellarios, circitores, 
silicarios, tectores aliosque opifices ... homines in urbe circa castellorum et munera stationes opera 
quaeque urgebunt, in primis ad subitos casus, ut ex compluribus regionibus, in quam necessitas 
incubuerit, converti possit praesidium aquarum abundantium. De Aq. 117 
Both gangs are divided into several kinds of workmen: overseers, reservoir-keepers, inspectors, 
plasterers, tilers and other craftsmen ... The men within the city around the reservoirs and the 
fountains will devote their energies to any works, especially to sudden emergencies, so that a 
copious reserve of water can be diverted from several city regions to the one in which it is required. 


Elsewhere (87 and 122) Frontinus mentions the cross-linking of fountains to two aqueducts, to 
guarantee supply in case one line failed, and the need to stagger repairs on Rome’s aqueducts so 
that those still in service can cover for one under repair. Although these passages deal 
primarily with repairs and emergency interruptions in supply, they demonstrate an awareness 
of the need to store water against fluctuation in supply, and show that at Rome the technology 
and personnel were available to do so. 


Although in recent years it has begun to be acknowledged that there was rather more regu- 
lation of flow in urban water distribution than used to be thought, the model here envisaged 
for Carthage runs counter to the common view that Roman aqueducts ran on a principle of 
continuous off-take and were excessively wasteful of water. Leveau and Paillet’s impressive 
study of the Cherchel aqueduct concluded with a couple of paragraphs assessing the aqueduct 
as a civic luxury, built chiefly to support a Romanised lifestyle of bathing, that played no 
significant role in urban growth. This view had a profound effect on later aqueduct studies. 
Several questionable beliefs contributed to this conclusion, including the supposed lack of taps 
on water networks (itself considered a product of technological backwardness deriving from an 
over-reliance on slave labour!), and the idea that in Cherchel “on pouvait aisément se suffire 
de l’eau des citernes”.1°7 In fact we have insufficient data on both public and private cisterns at 
Cherchel to know whether they alone could easily suffice; my own research in North Africa 
suggests that urban strategies of water supply relied on the use of all available sources — 
wells, cisterns for rainwater, local springs, and remote aqueduct-led springs — to ensure the best 
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chance of riding out a dry season of unpredictable length, during which wells and cisterns were 
liable to run dry.1° Although in later studies Leveau acknowledged the practical utility of 
aqueducts,!° the emphasis by others has often been on their luxury réle.!!° Support for a lack of 
connection between aqueducts and urban growth is sometimes adduced from chronology and from 
postulated links with particular sets of public baths, in both of which arguments the example 
of Carthage plays a large part. Shaw argues that many Roman towns in North Africa existed 
for some time before they received an aqueduct, while others never received one at all.1!! 
However, two of his chief examples do not bear this out: the Cherchel aqueduct is now thought 
to belong originally to the first half of the 1st c. A.D., the period of Juban expansion,!* and 
although Carthage may not have acquired a long-distance aqueduct until the mid 2nd c. (unless 
the La Malga cisterns were fed by an aqueduct from Sidi bou Said) it did already possess the La 
Malga cisterns (a storage capability unparalleled in scale) and presumably therefore a piped 
urban supply network. Furthermore, Shaw is incorrect in several of the 6 examples he gives of 
towns that supposedly never received aqueducts:!!° Thapsus and Thysdrus did have 
aqueducts;!4 the underground channel supplying the cisterns at Bararus, which is equipped 
with sluice-gates, is far more likely to derive from an underground aqueduct draining an aquifer 
than from a putative well; and while the source of supply for the vast exceptoria antoniniana 
cisterns at Thuburbo Maius is unknown, they can hardly have been fed by local run-off.!45 Nor is 
it true to say that “all the urban centres along the Sahelian coast were, once again, devoid of 
monumental aqueducts”, for Hadrumetum, Leptiminus, and Thaenae, as well as Thapsus, are 
known to have had aqueducts.!!® Of the towns cited by Shaw there remain only Acholla and 
Tiddis; Tiddis, a small satellite town of Cirta perched on a steep hill, can never have had an 
aqueduct, but all one can say of Acholla is that an aqueduct has not yet been found.!!” The 
remarkable point about Shaw’s examples is that there are so few of them. 


As to chronology, the argument that some towns existed for a long time without aqueducts 
has some validity, but is less clear cut than may at first seem. Our dating evidence for North 
African aqueducts is woefully incomplete;!® of the scores of known aqueducts, only about 18 are 
datable with any degree of precision, a small sample on which to base conclusions. Nine date 
from before the middle of the 2nd c., and 9 after, but of these latter 3 are from the same site 
(Lambaesis), and another 3 (Thamugadi, Thugga and Cirta) are not the first aqueducts to be 
built in their towns (Table 1). 
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Table 1: Dates of aqueduct construction 
in roughly chronological order (repairs are ignored) 


Site Date Evidence 

Berenice Aqueduct C Augustan Lloyd 1977, 199 

Caesarea Juba II? Leveau—Paillet 1976, 151-53; Leveau 1984, 61-62 

Volubilis 60-80 Akerraz 1987 

Thysdrus c.80 AE 1991.1635 

Hippo Regius pre 150? Use of opus reticulatum 

Lepcis Magna 119 IRT 357 

Carthage (Zaghouan) Hadrianic? SHA, Had. 22 

Saldae 137-152 ILS 5795 

Thamugadi 146 AE 1985. 875a 

Verecunda 160/61 ILS 5752 

Ammaedara pre 160/180 AE 1988.119 refers to pre-existing aqueduct 

Thugga (Ain el-Hammam) 184/185 Poinssot, C. 1966. The Ain Mizeb aqueduct (which 
is much shorter) and cisterns must be earlier 

Thamugadi (Aquae Paludensis) 184/185 AE 1934.40 

Bisica 180/200 CIL 8 23888, cf. AE 1991.1665 

Lambaesis (Aquae Alexandrianae) 222/235 CIL 8 2659 

Lambaesis (Ain Cherchar) 225/236 AE 1942-43. 93 

Lambaesis (Aqua Lu...nensis Mellariensis) 226 CIL 8 2658 

Cirta 388/392 ILAlg 2 619. This was not Cirta’s first aqueduct. 


Although in many cases there is some lapse of time between a town’s foundation and the con- 
struction of an aqueduct, it begins to look as if a significant number of important North African 
towns possessed aqueducts before the middle of the 2nd c. — and thus before the main phase of 
population expansion and urban growth.!!? This leaves open the possibility that aqueducts 
could have helped support larger and more dense urban populations than would otherwise 
have been possible. Indeed, it is hard to imagine that urbanisation in North Africa would have 
been possible on the scale achieved during the 3rd c. without them. Aqueducts provided an 
important supplement to the water table and roof and courtyard impluvia. 


Although smaller baths could function by drawing water from wells alone (Sabratha, 
Thaenae), large installations required an aqueduct to function. It is almost certain that water 
from the Zaghouan aqueduct fed the Antonine Baths, but the evidence is still insufficient to say 
that both were part of the same plan or that the prime purpose of the Zaghouan aqueduct was 
to supply the Antonine Baths. Perhaps instead the aqueduct created the opportunity for the 
baths’ subsequent construction. Such a sequence is seen at Lepcis Magna, where dedicatory 
inscriptions of the aqueduct built by Q. Servilius Candidus date from 119/120 (they come from 
the main reservoir cisterns and from the theatre, possibly associated with the fountain behind 
the stage!*°). These were followed by the dedication of the Hadrianic Baths in 126/7. The 
cisterns supplying these baths look like a subsequent addition to the large public cisterns, 
suggesting that supply to the baths was not part of the original scheme.!! It is demonstrable 
only that large baths follow the construction of aqueducts, not that they motivate them. 
Nevertheless, this connection is significant; it does not invalidate points about connections 
between aqueducts and the popularity of bathing, but it does necessitate a slight readjustment 


119 For the late 2nd and 3rd c. as the main period of population growth in North Africa, see Lassére 1977, 
573-85. 

120 IRT 357, 358, 359. 

121 IRT 361. For a plan and sections of the cisterns, in which two phases are clearly distinguishable, see 
Bartoccini 1929, tav. X; Romanelli 1925, tav. VI. It is the smaller and later phase which supplied the 
baths. Although the construction of both the aqueduct and the baths must have lasted several years, 
there is a time-lag of several years between their respective completion dates, and the phasing of the 
cisterns suggests that the baths were not originally planned as part of the same project as the aqueduct. 
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of perspective. Curiously, in North African inscriptions which refer to structures served by 
aqueducts, such as those from Thysdrus (ILS 5777 = CIL 8 51) and Sabratha (IRT 117), it is public 
fountains and private distribution, not the baths, that are mentioned. 


I do not wish to deny that aqueducts served as expressions of civic pride and of Romanisa- 
tion. Indeed, I have argued elsewhere that private water connections in North Africa were 
employed largely for ornamental fountains and not for ‘useful’ purposes within the house.!?2 
But the opposition between utility and luxury has been drawn too starkly; aqueducts served 
both purposes, and the symbolic value of public fountains — from simple stone basins up to the 
great nymphaea such as the Severan nymphaeum at Lepcis Magna or the fountain at Cirta 
decorated with bronze and marble statues, a gilded inscription, and golden drinking cups!*? — 
was derived both from their appearance and from their value as fountains that people 
actually used. Too many discussions of the significance of aqueducts have lost sight of the réle 
that public fountains played in providing water for that sector of the population who, for 
reasons such as poverty or lack of access to sufficient impluvium space to collect rainwater, had 
perforce to rely on public provision of water. One reason for overlooking this point may be that 
there has been so little excavation of lower-class housing in North Africa, but buildings 
without their own wells or cisterns did exist, such as the ‘immeuble a l’apside’ at Volubilis or 
some of the units in Regio II Insula 10 at Sabratha.!*4 


Vandal and Byzantine Carthage, and the late history of the Zaghouan aqueduct 


Evidence for the state of Carthage’s water supply in late antiquity is scattered but allows a 
tentative picture to be sketched. The La Malga cisterns were included within the Theodosian 
wall, suggesting that they were still functioning. Presumably the Zaghouan aqueduct continued 
in service during the Vandal period, since it was cut by Gelimer while attempting to blockade 
Carthage in 533.125 The Antonine Baths, however, were left to decay after the collapse of the 
frigidarium vault in the 5th c.; coin evidence, the force necessary to demolish the concrete 
vaults, and traces of attempted burning of the adjacent latrines combine to suggest the possibil- 
ity of deliberate destruction after the Vandal capture of Carthage. Lézine notes a burnt 
destruction layer 10 cm thick, with a clay abandonment deposit overlying it. A hoard sealed by 
the burnt layer included coins from the reigns of Constans I and Constantius II up to John (425), 
giving a terminus post quem that would be consistent with the Vandal sack of 439. If so, the 
Antonine Baths should be added to the list of buildings, including the Theatre, Odeon and 
Aedes Memoriae, destroyed by the Vandals.!#° It may be to the aftermath of this that we 
should date the blocking of the main outlet of the Bordj Djedid cisterns, and the re-arrangement 
of their overflow so that it no longer went to the street drains of cardo XV E but now served a 
structure somewhat to the west.!27 


The Bordj Djedid cisterns underwent considerable alteration at a relatively late date: the 
former tap room was converted into a storage cistern for rainwater (fig. 13), and the service gal- 
leries were partially blocked and small rainwater cisterns dug through their floor, fed presum- 
ably from the impluvium formed by the extrados of the vaults of the main complex.!*8 The 
construction of small rainwater cisterns within the large cistern complex smacks of opportun- 
istic re-use of a largely redundant structure, and strongly suggests that supply to the main cis- 


122 Wilson, A. I. 1995. 

123 CIL 8 6982 = ILS 4921b. 

124 Etienne 1960, 65-66; Kenrick 1986, fig. 66. The majority of units in this insula did have cisterns, but 
some did not. 

125 Proc., BV 2.1.2. 

126 Lézine et al. 1956. An unrecorded earthquake, however, might be a possibility. 

127. Vernaz 1887, 25-27. 

128 Magne 1911, 28-31. 
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Fig. 13. Bordj Djedid cisterns: late alterations connected with converting the tap room to a collection 
cistern. An inlet (“rigole amenée”) and overflow (“rigole trop-plein”) were added to the chamber, in 
connection with two tanks against the external wall of the main cistern complex, and a wall (“murette”) 
blocked the service gallery (Magne 1911, 30, fig. 7). 


terns had been drastically reduced or had ceased completely. Similarly re-use, of uncertain 
date, is evident at La Malga in the main channel of the Zaghouan aqueduct where it runs 
alongside the cisterns. Here there are indications, previously unremarked,!*? that several 
small cisterns were constructed within the aqueduct’s channel at a late date (figs. 14-17). One 
pair of walls, lined with waterproof mortar, clearly created a small cistern in the channel (fig. 
16); the walls overlie both the waterproof lining and the sinter (lime deposits) in the aque- 
duct’s channel, indicating a date after the aqueduct had been in use for a considerable period of 
time. As the cistern completely blocks the channel, it must have been constructed after the La 
Malga branch of the aqueduct had gone out of use. Other cisterns in the channel are traceable as 
pairs of cuttings visible in the channel’s walls (fig. 17).19° They truncate the waterproof lining 
of the specus and the sinter deposits and should therefore be late and broadly contemporary 
with each other and with the preserved cistern. The cuttings are too rough and irregularly 


129 Iam very grateful to A. Ennabli for permission to study the aqueduct in the area of La Malga. 
130 The cuts vary between 16 and 25 cm wide, and between 13 and 24 cm deep into the thickness of the wall; 
their vertical extent may vary between 20 cm and the entire preserved height of the channel wall (up to 1 


m). 
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Fig. 14. Plan of late features in the aqueduct channel beside the La Malga cisterns. 


2.1 and 2.6 Channel of the Zaghouan aqueduct. 2.8 Wall across channel, apparently part of cistern. 2.9 Wall of La 
Malga cisterns. 2.10 Pair of cuttings in aqueduct channel walls. 2.11 Pair of cuttings in aqueduct channel walls, but 
with traces of mortared blocking wall keyed into the cut, forming the N wall of: 2.12 chamber formed by widening the 
aqueduct channel; it contains original settling pit (d. 0.44 m). 2.13 Settling pit in channel floor (d. 0.44 m). 2.14 Pair 
of cuts in aqueduct channel walls. 2.15 Remains of mortared blocking in channel floor, with waterproof lining against 
it, angled up on the N side. 2.16 Circular settling tank in aqueduct channel floor (d. 0.84 m). 2.17 Cistern (2 m long) 
formed by blocking the aqueduct channel. 2.18 Faint traces of blocking wall with waterproof mortar against both faces. 
2.19 Small settling pit in channel floor (d. 0.42 m). 2.20 Large settling pit in channel floor (d. 0.85 m). 


Fig. 15. View to N along the channel of the Zaghouan aqueduct next to 
the La Malga cisterns, showing late cisterns constructed in the channel. 


Fig. 16. Detail of one of the late cisterns in the Zaghouan aqueduct channel at 
La Malga (at fig. 14 point 2.17), showing how the waterproof lining of the 
cistern seals the lining and sinter of the aqueduct channel (foreground). 
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Fig. 17. Late alterations in the aqueduct channel at La Malga, to form a cistern (at fig. 14 points 2.11 and 
2.12). The circular settling pit in the channel’s floor is an original feature; the widening of the aqueduct 
channel at this point also seems to be original. After the channel fell into disuse, a cistern was constructed 
by building a blocking wall (now removed) keyed into the pair of cuts in the channel wall visible in the 
foreground; the far end of the cistern was closed by another wall (also robbed) at the point where the light 
coloured waterproof mortar ends towards the top of the photograph. 


positioned to be grooves for sluice-gates, and some have mortared masonry blocks remaining in 
them, overlain with waterproof mortar. They are best interpreted as cuts to allow blocking 
walls across the channel to be more keyed securely into the side walls of the channel. These 
cisterns can only have been built after the La Malga branch had ceased functioning as an 
aqueduct, and they are presumably to be related to Ellis’ observation of a pair of similar cuts in 
the La Malga branch by his castellum, which he suggested indicated the sealing of the chan- 
nel.!3! The small capacity of these cisterns suggests a domestic function, perhaps for structures 
built against or near the aqueduct. A late Vandal or Byzantine date is possible, but so too is an 
early Arab one, as the use of opus signinum continued in early mediaeval North Africa. 


After 533 the aqueduct was restored and continued in use during the Byzantine period, while 
the spring at Ain Djouker was fortified to protect one of its sources in a period of instability. In 
the city, new street paving and drainage construction in the 6th and 7th c. attests to the contin- 
ued upkeep of some urban services in parts at least of Byzantine Carthage, yet the picture is not 


131 Ellis 1996, 182. Ellis’ suggestion that this may be related to the Byzantine rebuilding of the Antonine 
Baths is interesting but not, to my mind, convincing; the Byzantine rebuilding of the Baths was on a very 
limited scale, and the Bordj Djedid cistern outlet may already have been sealed by this time. 
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uniform,1%? and it is perhaps difficult to make generalisations about civic infrastructure in this 
period. The drains of cardo XVI E near the Bordj Djedid cisterns had apparently fallen out of 
use some time in late antiquity,!°3 and several streets were blocked by the Byzantine period.'4 
Although Justinian repaired the Antonine Baths, they were on a much smaller scale than 
before and drew their water from two cisterns; the connection to the Bordj Djedid cisterns does 
not seem to have been re-instated.1°° Evidence from the German excavations indicates a re- 
organization of water-supply in the 6th c., possibly connected with interruption in the supply 
of piped water to that region of the city (although this need not necessarily imply an 
interruption in the Zaghouan aqueduct itself if that was still supplying other areas).1%° 


With the siege of Carthage in 698 the Zaghouan aqueduct was cut again, but that was not 
the end of its history. Put back into service to supply Tunis in 1267, it was cut, rebuilt, cut again, 
and quarried for construction materials throughout the chequered history of the following cen- 
turies.197 Late but undatable repairs to the aqueduct channel near Moghrane employed re-used 
inscriptions.18 In 1859 a French proposal to put parts of the aqueduct back into service to supply 
Tunis was made to Mohammed Bey, and the underground sections of the aqueduct were re-used 
while the arcaded engineering works were supplanted by a large pressurised pipeline. This 
involved the destruction of the magnificent bridge across the Oued Miliane, to provide 
construction materials.!°9 Thus the springs of Ain Djouker and Zaghouan still provide water for 
Tunis, the Byzantine fort continuing to prevent unauthorised access to the Ain Djouker springs. 
In the 1870s the Bordj Djedid cisterns were restored, and they still function. The La Malga 
cisterns experienced a different kind of Nachleben: writers from the medieval period onwards 
describe them as sheltering poverty-stricken inhabitants,!#° and during the Second World War 
they served as homes for refugees from Tunis who had fled the danger of Allied shelling. 


Conclusion 


This study may be felt to have raised as many questions as it has attempted to answer. 
Although we have good evidence for storage and control devices on the Carthage water net- 
work, and can propose some kind of model for its functioning, we are still some way from under- 
standing the rdle of the La Malga cisterns. Assuming they had an outlet, what structures did 
they serve? How often could they be filled? Which parts of the city did the La Malga cisterns 
serve, and how much more of the city could be served by the elevated channel of the Zaghouan 
aqueduct? Where does the supply line for the Bordj Djedid cisterns run, and how close is the 
connection between the Zaghouan aqueduct, on the one hand, and the Antonine Baths and Bordj 
Djedid cisterns, on the other? If nothing else, I hope that this study will point future resear- 
chers to some of the unsolved problems. We also need more data on orientations and elevations 
of channels. Because of the differences in distribution arrangements from those of better studied 
towns, such as Pompeii or Volubilis, the water supply of Carthage has the potential to enlarge 
our understanding of the diversity of Roman methods of supplying water. 
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132 Humphrey 1980 passim; ibid. 115 for drains. 
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